This paper aims to test the effect of real interest rate on housing return, by using the differencing model for eliminating the effects of other factors. Even though the relationship has been tested before, but it is hard to eliminate other factors when studying the effect of real interest rate on housing return, especially the supply factor and the trading volume factor. This is the first attempt by using the differencing method to eliminate other factors to find the net effect of real interest rate on housing return, by using a two-city comparison, of Hong Kong and Macau from 2007Q1 to 2013Q4. The result shows that real interest rate imposes a negative effect on housing return, but not the housing supply, ceteris paribus.
Introduction
The negative relationship between real interest rate and housing return has long been established theoretically since Fisher (1930) . However, there have been very few empirical studies on the effect of negative real interest rate on housing return.
The reason is probably because negative real interest rate is rare in the world, especially before the 1970s. Theoretically, negative real interest rate is considered abnormal, as it renders Gordon Growth Model and Campbell and Shiller's (1988) Dividend-Ratio Model inoperable. In general, the nominal interest rate should be the market required return of lending (deferred consumption), so interest rate is normally required to be higher than inflation rate. Thus, real interest rate is almost always positive, when real interest rate is defined as the subtraction of inflation rate from nominal interest rate.
However, when central banks are manipulating interest rate for various purposes and by various means, negative real interest rate becomes possible at least in the short term, especially when money supply is no longer restricted by any commodity based standards since the abandonment of the Bretton Woods Agreement in 1971. For example, if a country or a city, such as Hong Kong, is under a currency board arrangement, a linked exchange rate, then both its nominal interest rate and inflation rate would be exogenously determined 1 . As a consequence, negative real interest rates have happened twice in Hong Kong in the past 25 years. Hong Kong is probably the only city which has a high frequency of negative real interest rate period.
It therefore enables the first empirical study on the impact of negative interest rate on housing return (Yiu, 2009 Yiu et al. (2010) . Rickards (2014) even suggested that it is the Federal Reserve's intention to impose a negative real interest rate situation in the US, so as to achieve a self-sustaining economic growth.
Since 2008, China has also increased its money supply by RMB 4,000 billion (US$ 570 billion) after the Global Financial Crisis, housing prices in China have then been escalating rapidly. Xu and Chen (2010) found that lower interest rate, faster money supply growth and loosening mortgage down payment requirement caused the home price growth. Yiu and Xu (2012) also found that real interest rate differences explained the differences in housing price changes of various cities in China after
2008. Chen et al. (2012) found empirically that the same effect of money supply on housing price was valid in Taiwan.
Then after the European Debt Crisis in 2010, many studies about the European housing markets also confirmed the relationship. For example, Ayuso et al. (2006) found empirically that the changes in house prices in Spain can be fully explained by the movements in ex-post real interest rates. Henn et al. (2009) confirmed that Spain's housing boom was supported by low real interest rates, among others. Kuttner (2012) also found evidence in many European countries that a rapid expansion of the monetary base was correlated with the growth in housing prices and housing credit.
Since Hong Kong and Macau are two of the few economies that are under currency board arrangement, by pegging their currencies (HKD and MOP) to US dollar. The two cities become good laboratories for studying natural experiments on the effects of negative real interest rate on housing prices, because there have already been two long periods of negative real interest rate in the past 2 decades. Yiu (2010) has confirmed empirically the relationship between real interest rate and housing bubble burst during the first negative real interest rate period from 1990 to 1997 in Hong Kong. This paper is a follow-up study of both the housing prices in Hong Kong and Macau during the second negative real interest rate period from 2008 to 2014.
The differencing method can help test critically between the negative real interest rate hypothesis and the insufficient housing supply hypothesis. Vacancy rate of housing is taken as a proxy of supply sufficiency, because it is the only observable result of the interactions between market supply and demand, in both the first hand and second hand housing markets. Peng and Hudson-Wilson (2002) and Hui and Yue (2006) for example have also included vacancy rate as one of the explanatory variables in their studies.
HYPOTHESES
There are two dominant hypotheses in explaining the housing price escalation, namely (1) negative real interest rate hypothesis, and (2) From the above casual observations, it can be inferred that the alternative hypothesis, i.e. insufficiency of housing supply hypothesis, is not a valid explanation for the housing price change in recent years. In contrast, the negative real interest rate hypothesis is confirmed by the casual comparison.
EMPIRICAL MODELS
Before testing the two hypotheses more vigorously, Figures 4a and 4b show the scatter plots of housing price change against real interest rate of Hong Kong and Macau respectively. They show strong negative relationship between the two, especially in Hong Kong (the R-squared is 63%).
data available is quarterly average housing price. The differencing multiple regression model of two independent variables for the hypotheses testing is as shown in Equation (1):
where AHP(X) is the average housing price at quarter t of city (X), X=H or M; Figure 2a shows that they are increasing in the period. Vacancy rates in % are also available directly from calculating the vacant housing units from the total housing stocks in the same period of the two cities.
However, as vacant units are reported either half-yearly or annually, the quarterly data series is obtained by interpolation. Real interest rates in % are calculated from subtracting inflation rate by interest rate in the same period of the two cities. Both cities' monetary authorities provide data series on interest rates and inflation rates.
For the purpose of our study, interest rate is proxied by the inter-bank offer rate (6-month), because it is the longest available series in Macau. Inflation rate is proxied by the composite consumer price index yoy change. Table 1 shows the summary statistics of the differencing variables. Figure 5a shows the time trends of the difference between the average housing prices and the difference between the real interest rates of the two cities from 2008Q1 to 2013Q4, they show a strong negative relationship. Figure 5b shows the scatterplot of the two differences, and the negative relationship is clearly depicted. 
RESULTS

CONCLUSIONS
This paper empirically tests the two alternative hypotheses on the cause of housing price escalation, namely (1) insufficiency in housing supply, or (2) negative real interest rate. By comparing the housing price difference in Hong Kong and
Macau with the differences in their corresponding real interest rates and vacancy rates of housing, the two hypotheses can be tested critically. The choice of the two cities are because of their currency board arrangements resulting in long period of negative real interest rates, which is rare in other cities. Secondly, they are not only geographically proximate, but they also share a large number of characteristics, such as culture, housing policies, market practices, and transaction costs, etc. Thus, by means of differencing, all these similar effects can be cancelled out, and thus specification bias can be reduced.
The results confirm the negative effect of real interest rate on housing price, but cannot confirm the negative effect of vacancy rate on housing price. It agrees with the casual observations that even though the vacancy rate and its growth in Macau is much higher than that in Hong Kong, the housing price in Macau increases much stronger than that in Hong Kong.
Intuitively, when a city is under negative real interest rate situation, housing asset is taken as a hedge against inflation and a speculation opportunity, housing supply (and vacancy) does not affect much the price, provided that the depreciation and maintenance cost are low. Analogously, just like investors who buy gold as a hedge of inflation do not earn any income yet incurring storage cost, however gold price has increased substantially in the same period because of the currency uncertainty.
The study is however limited by the short data series as the earliest data series 
